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TABLES AND GRAPHS OF THE THEORETICAL PEAK'PRE?SUREQ ENERGIES,

AND POSITIVE IMPULSES OF BLAST WAVES IN AIR

“Abstract

A theory of the propagation of shock waves from explosive sources
was presented in OSRD Report No. L81k4.. In that report, a pair of or-
dinary differential equations for peak pressure and shock-wave energy
as functions of the distance from the source were formulated from the
equations of hydrodynamics by imposing a similarity restraint on the
shape of the energy-time curve of the shock wave. Two-parameter fami-
lies of peak pressure-distance, shock-wave:energy-distance, and posi-
tive impulse-distance curves are ocbtained by the solution of these
propagation equations. The parameters are conveniently chosen as the
initial values of the pressure and shock-wave energy.

In the present report, tables and graphs of the two~-parameter
families of curves for blast waves from explosive sources in air are
rresented. A. method 1§ Sutlined for the determimation of the param—
eters from experimental values of the peak pressure and positive im-
pulse over a limited range of distances from the source. Estimates
of the properties of the blast wave produced by TNT are obtained in
this mammer, and tentative peak pressure-distance and 1mpulse—dlstance

. curves for all distances from the charge are constructed.

- I. DESCRIPTION OF THE TABLES AND GRAPHS OF THE PROPERTIES OF
~ BLAST WAVES IN AIR

1.‘;Introduction

A theory of propagation of shock waves from explosive sources has been
described in an earlier report.l/ A pair of ordinary differential equations
for peak pressure and shock-wave energy as functions of diséance from the
source were .obtained from the equations of hydrodynamics and the Hugoniot re-
lations by imposing a similarity restraint on the shape of the energy-time
curve and by utilizing the second law of thermoaynamics to determine, at an
arbitrary distance, the distribution of the initial energy input from the ex-
plosive between energy available for further propagation and dissipated energy

residual in the fluid already traversed by the shock wave. The theory takes

l/ Theory of the propagation of shock waves from explosive sources in .
air and water, by J. G. Kirkvood and S.” R. Brinkley, Jr. , MRC Report A-318
(OSRD-L81L). -
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; proper accouné”éijﬁe finite entropy increment in the fluid resulting from
‘the passage of the shock wave and permits the use of the exact Hugoniot
curve for the fluid.

The basic equations of the theory-are

2 4
-(r .'-;-e—p)f-‘%mp),

]

%5 o

(1)

d""Ig' ."pasz(P)s

3R
where
122 n
f(p) = 539
7+ 1 cgp

L

R - I A ) 1
F(p) TT«"‘T(U) 2(1 g} -G’

Lo /o) + 2(1 = o /p) G
n(P = 70 Fg) =6

U\ U
‘].._2_’g=1_Ed_,

Lc U dp
and p is the excess peak pressure measured in units of the pressure py of

the undisturbed air ahead of the shock wave, at a distance Ra, from the

G:

centéf of a spherical charge of explosive of radius a,. The quantities p -
and g, are the densities of the air at distances R and infinity, respec-
tively, ¢ and c, denote the sound velocity in air at densities p and fg,
respectively, U is the velocity of the shock front, and z'is the raﬁib of
the heat capacities of air at a pressure p, and temperature of 300°K, h

is the specific enthalpy increment of an element of fluid, traversed by a
shock wave of peak pressure p, after return to pressure py, along its new
adiabatic. The variable K is related to the shock-wave energy & per gram

of the initial explosive charge by

jol
e=2210y (2)

L7z P

where p, is the dehéity of loading of the explosive. The positive impulse

is given by

L

Co
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where

N wn U .~1 + g - (1 —pJp}G:] | 2(,00//0) -1
“(p) 2;;{(%-1)1, 2(1 + g) -G 2(1 + g) - Gf

: | 127 1) Bl [1+e- (1= plo)
o A6 - 72 (1~ ] o) TS =t

Tables of functions which are closely related to those defined in Egs.

(1) and (3) have been presented in the earlier report. 1

T

2. Description of thevﬁabléé'énd graphs

‘ The ‘two-parameter family‘of peak pressure—distégoe curves and the family
‘ of shock-wave energy-distance curves for selected va]'.u.es""o'f the constants of
ff integration were obtained by numerical integratlon of Egs. (1), émﬁloying the
methods of Part ITI of the previous report. l Each member of the two fami-

lies is:characterized by a value of P1s the excess beak preésure at the ini-

tial instant of time ‘measured in units of pgy, and by a value of Q;, related

to the initial shock-wave energy &, by

- h;z Peél | |
Q]_ 3«+ .} poplgo (h)

The famlly of peak pressure-distance curves is presented in tabular form in

Table I. In this and following tables, a reduced distance variable equal to
| RQﬁE/W) 2/ is employed, where R is expressed in feet, Pe in grams per cubic
centlmeter, and W‘ln pounds. In order to facilitate interpolation with re-
spect to dlstance, the entries of the table are of the function pR(/!e/W)l/3

with p ekpressed in pounds per square 1nch.g

Porﬁions of the peak'pressure—distance curves for moderately large dis-
tances are presented in a series of graphs, Figs. 1 to 7. Each graph gives
a family of peak pressure-distance curves for a fixed value of the parameter
Q1, ‘plotted as log pRQFé/W)l/s versus log R(fb/w)l/? These graphs are de=~
P signed to aid in the determination of the parameters from an experimental

peak pressure—distance curve in a manner to be described in the following.

2/ Note that in the tables P is expressed in pounds per square inch,
while in the equations p wes a dlmen51onless quantity expressed in units of

Do
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The family of shock-~wave energy—distance curves is tabulated in Table 171,
the errtrie;gi ~of which are peE with the reduced distahce defined in the fore-

going asiargﬁment. The units of & are calories per'gfam of explosive.

The family of positive impulse-distance curves was constructed with the
aid of Egs. (3), and it is tabulated in Table III. Here, the function
10313@#@/W)2/3 is listed with the reduced distance as argument. The units
of I are pound second per square inch. Portions of these curves for moder-
ately large distanceé‘are rresented in the series of graphs, Figs. 8 to 1k.
These graphs are analogous to those for the peak pressure, with the function
1OBIRQpe/W)2/3teing plotted against log R(pe/W)l/3 for fixed values of the
parameter Q. They will be useful in the determination of the initial param-—

eters from experimental values of the positive impulse.

3. Determination of the initial parameters from experimental data

The graphs, Figs. 1 to 14 are designed to aid in the determination of
the parameters of those members of the families of peak-pressure and posi-
tive~impulse curves that give the best fit to a particular set of experi-
mental data. For this purpose, the experimental data may be plotted to the

;corrept.scale on tracing cloth and compared with the theoretical values by

. superimposing the traéing on the published graphs. Unless the data are of
“high accuracy, this procedure will not lead to a unique determination of

_ the parameters but to the selection of several pairs of values of the param-
eters between which a choice could not easily be made by visual methods. The
method of least squares may then be used to narrow the choice of parameters.
One computes the mean of the squares of therweighted deviations of the in-
dividual experimental values of the peak pressure and positive impulse from
the theoretical values given by the curves selected by visual matching, em=-
ploying the reciprocal of the root mean square deviations of the experi-
mental poinﬁs at a given distance from their mean as the weight factor at
that distance. One then selects the parameter set yieldin§/the smallest

value of this quantity for both peak pressure and impulse.=

2/ Sée E. T. Whittaker ard G. Robinson, The calculus of observations,
3rd edition (Blackie and Son, 1940), pp. 182, 221.

CONFIDENTIAL
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We have employed the method -outlined to cbtein estimates of the proper-
ties of the blast wave of TNT. The results are mresented in Part III of this
report. They will serve te 1llustrate ﬁhe method of gurve fitting which is

proposed,

It should be ngbed that results of high accuracy can not be obtained in

Jthis manngf. Thus the procedure is numerically unfavorable for the predic-

tion of effects close to the charge. It is believed that thermodynemic esti-
mates of the initial pressure, on which calculations are now in progress,

will greatly increase ‘the accuracy with which the parameters may be fixed.

CONFIDENTIAL
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| II. TABLES AND GRAPHS OF THE PEAK PRESSURE, ENERGY, AND
o "7 POSITIVE IMPULSE FOR BLAST WAVES IN AIR
Symbals and Upits
Symbol - Unit o Definition.
-.R h ?;‘H”jfﬁ‘ Distance from the center of sphericél charge of
e e -explosive. ’ ' '
’ Po ‘gm/cﬁa | Deﬁsity of explosive.
w 1b Weight of charge of exﬁlosive.
p 1b/in? Excess peak pressure of blast wave.
P1 - Initial excess peak pressure {”pinitial/po]-
Po 1b/irf Pressure of the undisturbed air ahead of the blast
wave.
Q - Imitial value of reduced energy variable.
£ cal/gm Shock-wave energy.
I 1b-sec/in? Positive impulse of blast wave.

L

. 3
Note: The first tabulated value of the distance argument, (/g/w)l/ = 0,156,
corresponds to the surface of the sphere of intact explosive.

CONFIDENTIAL -6~
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Table I. The peak pressure.

(o /i 1/3 : (/‘.’e/w)l./aRPA _
/De/v\f) R Q "
: o 1 200 250 300 350 1,00 150 500
0.156 500 1130 1130 1130 1130 1130 1130 1130
500 1360 1360 1360 1360 1360 1360 1360
700 1590 1590 1590 1590 1590 1590 1590
800 1810 1?10  1810. 1810 1810 1810 1810
900 2040  20LO 2040 | 20LO  20LO 2040 2040
1000 2270 2270 2270 2270 2270 2270 2270
0.2 - 7500 1130 1130 1130 1130 1130 1130 1130
600 1360 1360 1360 1360  1360° 1360 1360
700 1580 1580 1590 1590 1590 1590 1590
800 1810 1820 1820 1820 1820 1820 1820
900 20L0 2040 2040 2040  20LO: 2050 2050
; 1000 2260 2260 2270 2270 2270 2270 2270
0.3 \ 500 1120 1120 1130 1130 1130 1130 1140
600 13,0 1340 1350 1350 1360 1360 1360
700 | 1560 1570 1580 1580 - 1580 1580 1580
800 179¢ 1800 1800 1810 1810 1810 1810
900 2010 2020 2030 2030 2040 2040 2040
1000 2230 2240 2250 2260 2260 2260 - 2270
0.5 500 1060 © 1080 1090 1100 1110 1110 1120
600 1270 1290 1310 1320 1330 1330 1330
700 1,80 1500 1520 1540 . 1550 1550 1560
800 1690 1720 17L0. 1760 1770 1780 - 1780
900 1900 1940 1960 1970 1990 2000 2010
1000 2110 2150 2180 2190 2210 2220 2230
0.7 500 983 1020 1040 1060 1070 1080 1090
600 1170 1210 1240 1260 1280 1290 1300
700 1360 1410 1LLO 1460 1480 1500 1510
800 1560 1600 1640 1680 1700 1710 1730
900 1750 1810 1850 1880 1910 1930 1940
1000 | 1940 2010 2050 2090 2120 2140 2150
1.0 500 8L5 899 938 967 990 1010 1020
600 1010 1070 1120 1150 1180 1200 1220
700 : 1170 1240 1300 1340 1370 1400  1L20
800 1330 1410 1480 1520 1560 1590 1610
900 W80 1580 1650 1710 1750 1790 1810
1000 1640 1760 1830 1880 1940 1980 © 2020
1.5 500 614 687 7hl 790 828 860 885
600 728 816 885  9LO 986 1020 1060
7C0 811 oL, 1020 1090 1140 1190 1220
800 95 1070 1160 1240 1300 1350 1390
- 900 1060 1200 1300 1380 1450 1510 1560
1000 1110 1320 1440 1530 15410 1670 1720

CONFIDENTTIAL
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Table I. ([Concluded.]
e (/) *Bp
o ;\\\Si\ 200 250 300 350 100 450 BOO
2.0 500 L33 506 568 - 620 - 66l 704 736
600 510 598 671 73L 788 83 874
700 586 688 775 8L 910 96l 1010
. . 800 662 779 877 960 1030 1090 1150
900 1 737 868 979 1070 1150 1220 1280
- 1000 10 955 1080 1180 1270 . 1350 1420
3.0 200 228 282 355 ﬁ?h 'ﬁés ' 253 %82
00 263 32 37 7 3 73.
00 298 271 338 500 SSg 610 6538
00 333 15 hﬁ2 52 62 688 ghB
- 900 68 1459 5Ll 623 697 764 26
1000 01 502 597 - 685 765 8l1 909
5.0 500 103 125 107 169 191 212 233
600 11} 140 165 191 217 2l2 267
00 | 12 153 183 212 211 270 299
800 13h 12 20g 223 g 8 339 ‘%2;
900 1 1 21 253 9 7
1000 --1%&,. -193 233 273 31k 354 394
7.0 5000 | 71.5 8L 97.2 110 122 13& 17
\ 600 7.2 91.9 106 120 1ﬁ% 118 163
| 700 2. 98.8 115 130 1 162 178
~ 800° 88.0 105 123 140 157 175 193
900 92.8 112 130 149 168 188 207
1000 97.L 118 138 158 179 200 221
10 500 Sh.2 © 62.7° 70.9 - 78.8. 864  93.8 101
600 57.9 67.2 . 76.1 8h4.7 93.1 1017 110
goo 2&'2 7142 80.7 92.5 92. 1o§ 11;
00- 3 . 85.2 X 10 1 12
© 900 | 67.7 ~$%.§ ag.u 180 110 123 132
. 1000 69.9 81.8 93.L4 105 116 127 138
15 17500 3.2 49.1 5. 60.3 65.3 70. 3 5.1
L 600 5.8  52.2 ga.ﬁ 6L.0- - 69,6  75.0  80.2
700 18.0 5Lh.9  61.3 67.4 73.4 75.1 8L.8
800 - 50.1 57.3 6.0 70.6 76.9 83.0 88.8
) 900 52.0 9.6 66.7 73.5 80.0 86.7 92.7
1000 53.7 61.6 £9.1 76.3 83.1 89.8 96.5
20 500 | 37.8 2.9 L7.7 52.1 56.3 60.5 6.2
600 0.0 Ls. L 50.5 55.1 .59.8  64.0 68.2
700 Lh1.9 L7.7 52.9 57.9 62.6 67.2 71.6
800 h3.5 19.5 5.0 60.4 65.1 70.1 h.6
500 Ls.2 5t 571 62,6 67.6 729 77.6
1000 L6.6  53.0  59.0  6L.7  70.1 5.2 80.3
30 200 31.2 36.0 ﬁO'O ﬁg.s L6.9 go.z : gg.s
600 33. 38.0 2.2 £.9 9. 3.1 .
700 35.1 39.8 Ll.2 8.2 ?1.; 55.6 58.%
800 36.2 ﬁw.% ﬁs'ﬁ go.g gé.o gg,g 2%.2
900 37. 2. ) 1. .7 50. 3.5
1000 38.9 Lh.1 L8.9 53.5 57.7 61.6 65,5

CONFIDENTTIAL
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The shock-wave energy.

e e e e e e e
. oo .o . R i s mdaee o e /3 £

P, N — °
o 1 200 250 300 350 1,00 1,50 500
0.156 500 731 91l 1100 1280 1460 1650 1830
: - 600 877 1100 1320 1540 1750 1970 2190
700 1020 1280 1540 1790 2050 2300 2560
800 1170 1L60 1750 2050 2340 2630 2920
900 1320 1650 . 1970 2300 2630 2960 3290
J . 1000 - | 1L6O 1830 2190 2560 2920 3290 3660
‘ 0.2. ... L. . 500. S 729, . 911 1100. 1280 1460 1640 1820
J . 600 BZu . 1090 1310 1530 17&0 1970 2190
| ¢ 700 1020 1280 1530 1790 200 2300 2560
| - 800 1170 1,60 1750 20L0 2340 2630 2920
| 900 1310 1640 1970 2300 2630 2960 3290
1 o S ©, 1000 14,60 1820 * 2190 2560 2920 3280 3650
| - 0.3 [ 79800 | 722 . 905 1090 1270  1L50 1630 1820
R @@ -] - 865 - 1080 - - 1360 - 1520 - 17h0 1960 2180
7000 ] 1010 1270 1520 1780 2030 2290 2540
Se800 1 1150 1450 1750 2030 2320 2620 2910
, 900 | 1300 1620 = 1960 . 2280 2610 2940 3280
e . ~3000 .| 1440 1810 ..2170 . .25L0 2900 3270 3640
0.5 500 701 886 .1060 1250 1430 1610 1800
' L . 600 .| 8LO 1060 1280 1500 1720 1940 2150
700 F 979 12307 90 - 1750 - 2000 - - ~2260 2510
. “800 1120 1u1o © 1700 1990 2290 2580 2870
. 900 1260 1590 1910 22110 2570 2900 3230
. 1000 1400 1760 .2120 - 2490 2860 3220 3580
0.7 “500 | 673 85L 1030 71220 1410 1580 1760
600 806 1020 1240  1L60 1680 1900 2120
700 | 939 1190 1450 1700 1960 2220 2L70
. - 80O | 1070 1360 © 1650 © 1940 2240 T V2530 2820
. 900 1200 1530 1850 2180 2510 2810 3160
L - -~ 1000 1330 1700 2060 2430 2790 3160 3510
S .1.0 . 500 622 801 - 981 1160 1340 1520 1710
: 600 746 960 1180 1390 1610 1830 2050
- 700 868 1120 1370 1620 1880 2130 2380
800 989 . 1270 1560 1850 2140 2410 2710
900 1100.. 1430 1750 2080 2110 2730 3050
1000 1230 1590 1910 2300 2670 3040 34,00
1.5 500 526 696 869 10L0 1220 1400 1580
600 631 835 1040 1250 1460 1680 1890
700 735 972 1210 1160 1710 1960 2210
800 837 1110 1380 1660 1950 2230 2520
900 939 1240 1550 1870 2190 2510 2830
1000 10,0 1380 1720 2070 2430 2780 3110
2.0 500 433 588 7L9 915 1080 1260 1430
600 518 705 898 1100 1300 1500 1710
700 60l 822 1050 1270 1510 1750 2000
800 689 oL 1190 1460 1730 2000 2280
900 774 1050 1340 16L0 1940 2250 2560
1000 858 1170 1490 1820 2150 2500 2810
NTIAL
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"'“C5;7W71f3ﬁ"v

::~:.',oe£_ R LSS SRR

'Zglm

’35@ —

G ~200 - - 25O 300 Loo ~ +'L450 500

3.0 500 | 291 12 Bh2 679 B23...972 1130
o 7600 1T3L9 0 L93- 649 813 986: 1160 1350
700 1 LO6 - 573 755 949 1150 1360 1570

800 | L62 . 653 862 1080 1310 1550 1790

{. 900 -518 1 73Lh - 968 1210 1470 1740 2020

. 1000 | 574 . ° 815 ' 1070 1350 1640 1920 2240

5.0 05000 |- 170 20 319 0 L6 L9 T 599 705
© 600 .| 198 282 . 376 L8 5% 709 835

700 0 227 . 323 1432 551 681 819 967

800 .| 255 - 364 " 487 62l 771 929 1100

900 | 282- Lok .t 543 695 858 10LO 1230

x 1000 .| 310 LS . 598 768 952 1150 1360

7.0 500 -of- 127 177... 233 294 361 U432 507

' 600 |6 205 . 271 342 L20 SO0 593

4 : 7000 }. 165 232 ° - 307 389 L79  S74h 678

- 800 |- 18L 259 . 343 - 436 537  6LS 761

900 |- 202 - - 285 . 379 81 591 75 8Lh
1000 | 220 311 Lih o s27 690 W 9%

10 500 f° 98.2 T 136 - 178 222 270 322 377
T600 | 113 156 204 0 255 312 371 L3k

C700. ) 127 176 L 229 288 351 418 490

800 b oho 9L "¢ 25L 320 390 LE5  S5LS

=900} -153 - 212 790 T U 3507TL26 T 510 599

i | 1000 | 165 230" 302 3800 L4~ 536 65l
15 500} 78.1.:106 - 138 171 206 2l5 285
- 600 |1 89.2:1 121 -~ 158 194 236 281 327

4700 f 99.9 0137 176 219 26L 3tk 366

[ 0800 1.109 r1h9 192 2L2 . 293 . 3L5 LoO2
ASTH00 T 119 0 162 210 262 316 - 379 Lkl

, {34000 0127 0 1L 227 283 343 408 478
20 107500 ) 68y 92,8 120 148 177 210 243
Y1600 | 78.1 0 1060 137 . 167 203 240 279

o700 L. 87.0 118 152 188 225 267 310

S 800--F - 946 129 165 207 7 250 291 337

900 103 139 180 223 267 319 370

o | 1000 110 150 19 240 289 3L 397
30 £ 500 57.6 78.0 100 123 148 175 202
600 65.2 88.4 11l 140 168 199 230

700 72.6 98.5 . 126 156 187 221 253

800 79.3 107 137 172 206 240 278

900 86.0 116 149 184 220 263 303

, 1000 92.1 126 160 198 238 279 - 323
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Se.

2%.3

P G Y NS—— N
p1 1200 250 300 350 L0oo 450 500
0.156 500 1,29 1.30 1.30 1.30 1.31 1. 31 1.31
: 600 1,38 1.39 1.39 1.L0 1.40 1. 40 7.L0
700 1.48 1.48 1.L9 1.49 1.50 1.50 1.50
800 1.61 1.62 1.62 1.63 1.63 1.63 1.64
900 1.76 1.77 1.78 1.78 1.79 1.79 1.79
1000 | 1.93 1,94 1,95  1.95 1.9 1.96  1.96
0.2 500 1.90 1.92 1.93 1.94 1.95 1.95 1.95
600 2.02 2.0L 2.06 2.07 2.07 2.08 2.08
700 2.14 2.16.  2.18 2.18 2.19 2.20 2.20
800 2.26 2.28 2.29 2.30 2.31 2.32 2.32
900 | 2.38 2.40 2.h2  2.43 2 4y 2.4y 2.k5
1000 2.55 2.57 2.59 2.60 2.61 2.62 2.62
0.3 - 500 | 3.56 3.63 3.68 3.72 3.7  3.77  3.79
600 3.76 3.83 3.89 3.92 3.96 3.98 4.00
700 3.9L 1.03 4.09 L.12 4.16 L.18 L.20
800 | 4.13 .22 Lh.28  L.32 4.35 .37 4.0
900 L.30 l;.39 L.Lé 4.50 .53 L.56 .58
| 1000 | L.b7 L.56  L.63  Lié7T L7l L7376
0.5 500 7.4L 7.80 8.06 8.26 8.4h2 8.5k 8.6L
600 7.74 8.1 8.38 8.60 8.76 8.90 9.00
700 8.06 8.45 8.74 8.96 9.12 9.26 9.36
goo | 8.30 8.72  9.01  9.23 9.hk2  9.55  9.68
900 8.57 9.00 9.30 9.54 9,72 9.86 10.0
1000 8.8kL 9.28 9.60 9.85 10.0 10.2 10.3
0.7 500 | 11.0 11.9 12.5 13.1 13.5  13.8  1h.1
600 | 11.5 12.4 13.1 13.6 1k 1L.5 14.8
700 | 12.0 12.9 13.6 .1 1h.6 15.0 15.3
800 | 12.3 13.2 14.0 14.6 15.0 15.4 15.8
900 | 12.6 . 13.6 1.h 15.0 15.5 15.9 16.2
1000 | 13.0 1.0 1.7 15.4 15.9 16.3 16.7
1.0 500 | 15.1 16.8  18.3 19.5 - 20.5 21.L 22.2
600 | 15.8 17.6 19.1 20.3 21.4 22.3 7 23.1
700 | 16.4 18.3 19.8 21.1 22.2 23.1 23.9
800 | 17.0 18.8 20.4 21.7 22.9 23.8 2.7
900 | 17.L 19.4 21.0 22.4 23.5 2h.6 25.4h
1000 | 17.9 19.9 21.5 22.9 2l.2 25.2 26.1
1.5 500 | 18.8 21.6 2h.1 26.4 28.4 30.3 32.0
600 | 19.8 22.8 25.5 27.8 30.0 31.9 33.6
700 | 20.7  23.9  26. 29.1 31.3 33.3  35.1
800 | 21.6 2.8 27.3 30.2 32.4 3L.5 36.3
900 | 22.4 25.6 28.6 31.1 33.4 35.5 37.4
1000 | 23.0 26.4 32.0 34.3 36. 38.4
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[Concluded.]

Table III.
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IIT. BILAST-WAVE CURVES FOR CAST TNT

.-Thé peak pressure, shock-wave energy, and positive impulse of the blast
wave produced by cast TNT have been estimated, employing”the procedure de-
scribed in Part I for the determination of the initial parameters from experi-
mental peak pressures measured at large distances from the charge. We have
chosen peak pressures recently determined by the shock-velocity methodg/ in
preference to those determined by piezoelectric-gauge measurements because of
present gauge-calibration difficulties whichrmay'neceSSitate revision of the
results obtained by the latter method.i/ The shock-velonity method does not
lead simultaneously to measurements of the positive impulse; and therefore the
initial parameters were determined from peak pressures alone. The ekperﬁment4

b6
al measwrements were made at the Underwater Explosives Research laboratory.=

The experimental values of the Table IV. Experimental peak pres—
peak pressure are listed in Table IV. - sures for TIT. .
As a result of the visual curve- 1/3
fitting, the three péirs of initial R/W ‘ (1b§in%)

- 6,56 17.5 -
parameters listed in Table V were 7,90 11.6
selected. Since. standard deviations ‘ 15.0 . 3.65
for the experimental points.were not ‘ =
determined, each deviation of experi- .Table V. Mean-square deviations of
mental peak pressure from the corre- experimental peak pressures’from
sponding theoretical value was given selected members of the family
unit weight in computing the mean- of theo?etical peak-prossure
v curves.

square deviation of the experimental ============f==;;;;;%;===%=========
values from the theoretical values. — %;) ;gb OA§2h
From a consideration of these mean— iddﬂ o 650 1208 ;
square deviations, listed in Table V, L5o 550 R
the parameter set p;=550, Q;=L50 s

L/ T. D. Carr, M. Schwarzschild, and P. Weiss, An improved methed for
the measurement of blast from bombs, Aberdeen Proving Ground Ballistics Re-
search .Jaboratory Report No. 336. ,

5/ A. B. Arons, C. W. Tait, G. K. Frankel, amd K. M. Deane, "Character-
istics of air-blast gauges: Response as a function of pressure level," Monthly
Report AES-8a. (OSRD-4875a).

6/ W. D. Kennedy (UERL), Private communication, April 19L5.
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was chosen as affording the best represemtation of the.éxperimental points.
The individual deviations of the selected theoretlcal p01nts frOm the corre~-
sponding experimental. p01nts is shown in Table VI.

Table VI Comparlson of experlmental peak pressures for TNT with

P the theoretlcal peak pressure-distance curve
‘ for which Q, = hSO pl 550

| : YR/WEZ§ ' p (Ib/inf) . ~ Deviation .
| (ft/1p1/3) Experimental Q= hSO, P1 = 550) (percent )

| 6.56 178 17.0 2.9

: 7.90 1.6 . 1.6 - 0.0

“ 15.0 3.65 3.83 b7

. i} Average 2.5

The cbﬁplete‘ﬁeékAﬁréssure«distance, energy~distance, and positive im=-
pulse-distance curves for cast TNT were constructed from Tables I to ITI,
employing ﬁhe initial parameters as determined above. -These results are

- listed in.Table ViI and the peak pressure-distance curve is shown in Fig. 15.
Interpolatlon of the tabulated quantities to rounded values of R/Wl/3 was
performed graphlcally :

rTable'VII. ProPérties of the blast wave produced by TNT, density 1.55.

_ Symbol. Unit Symbol Unit
R ft I lb-sec/imk
S RSP | (3 kcal/gm
o -p . 1o/ind ' "
R/ P e |10°T/? | RARYS P ¢ 1031/Wi7§
0.135 | 7960 | 1.17 748§ 3.0 | 115 |0.600 1.1
.2 [ 5330 | 1.16 C 9.ty 5.0 32.2 | -.363 8.18
3. .| 3540 [ 1.16 | 12,5 7.0 15.1 | .265 16.90 "
577 2080 | 1.1h | 16.6 10 7.55 | .201 ' 5.56
.7 1420 | 1.11 18.3 15 .| 3.8 .157 L.ok
1.0 912 | 1.05-| 1941 - 20 2.51 ] ..135 . 3.13
1.5 1190 | 0.932 16.9 30 .43 101 2.0L
2.0 292 | 0.830 ! 1k.5 «
: 2SS .
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The initial pressure for TNT of 7960 1b/ir? is lower than the values
previously estimatedl/ of '10400 1b/Ar2 for Pentolite and 8076 1b/ind for
Torpex 2. The inmitial shock-mave energy of 1.17 kcal/gm for TNT is to be
compared with the values 1.L5 keal/gm for Pemtolite and 1.26 kcal/gm for
Torpex 2. The heat of explosion of TNT has been'estimated to be 1.06 kcal/gm.
The higher value of the initial shock-wave energy is evidence for afterburn-
ing of the products of explosion with atmospheric oxygen, although the amount
of energy contributed by such afterburning is difficult to estimate since a
part of the energy of the explosion products will contribute to secondary

~ shocks. As shcwq in the earlier report,l/ the tabulated values of the prop-

ertles of the blast wave represent lower limits to the actual values during

such time as afterburning is effective.
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